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Structure-Dependent Piezoelectric 
Constants of Oriented Polymer Films

PVDF Chiral Polymers
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Phase Diagram of VDF/TrFE Copolymers

VDF content (mol%) PVDF

200

150

100

50

0

-50

Te
mp
er
at
ur
e 
(?

)

100806040200

T FP

TFA

[Ferroelectric]

[Molten]

[Anti-ferro
electric]

[Paraelectric]

PTrFE



-150

-100

-50

0

50

100

150

D
 (

m
C

/m
2 )

-200 -150 -100 -50 0 50 100 150 200

E (MV/m)

Coextruded
PVDF

Drawn
PVDF

Drawn
VDF/TrFE

Improved-Performance of PVDF 
and VDF/TrFE Copolymer

3.
Highly-
oriented

extended-
chain

VDF/TrFE

2.
Solid-state
coextruded

PVDF

1. Conventional PVDF
Uniaxial-drawn 4 times 
Pr=60mC/m2

k33=0.14

2. High Performance PVDF 
Solid-state coextruded
Pr=100mC/m2

k33=0.27

3. VDF(75)/TrFE(25)
Uniaxially-drawn 
and annealed

Highly-oriented
extended-chain crystals

Pr=100mC/m2

k33=0.27

Conventional
PVDF

1.



-100
-50

 0
 50

 100

2 3 4 5 6 7 8 9

 0
 2
 4
 6
 8

 10
 12
 14
 16

T [°C]

log f [Hz]

ε”
/

ε 0

-100
-50

 0
 50

 100

2 3 4 5 6 7 8 9

 0
 2
 4
 6
 8

 10
 12
 14
 16

T [°C]

log f [Hz]

ε”
/

ε 0

-100
-50

 0
 50

 100

2 3 4 5 6 7 8 9

 0
 2
 4
 6
 8

 10
 12
 14
 16

T [°C]

log f [Hz]

ε’
/

ε 0

-100
-50

 0
 50

 100

2 3 4 5 6 7 8 9

 0
 2
 4
 6
 8

 10
 12
 14
 16

T [°C]

log f [Hz]

ε’
/

ε 0

Piezoelectric Resonance
in VDF/Tr FE Copolymer   

a
fa

k

a
fa

k
k

a
fa

k
k

ee

t

t
t

w

w

w

w

l

l

l

l

S

tan
1

tan
1

1
tan

1
1

2

2

2

2

2

−









−

+







−

+
=∗

10

8

6

4

2

0

ε'
/ε

0

8

6

4

2

0

ε"
/ε

0

102 103 104 105 106 107 108 109

f (Hz)

 Obserbed
 Fit data

10

8

6

4

2

0
ε'

/ε
0

8

6

4

2

0

ε"
/ε

0

1201008060

f (10
3
Hz)

10

8

6

4

2

0

ε'
/ε

0

8

6

4

2

0

ε"
/ε

0

500400300200

f (10
3
Hz)

10

8

6

4

2

0

ε'
/ε

0

8

6

4

2

0

ε"
/ε

0

50403020

f (106Hz)



15

10

5

0

c 3
3' 

[G
P

a]

100500-50
T [ºC]

1.5

1.0

0.5

0.0

c
33 " [G

P
a]

6

4

2

0

ε'
/ε

0

1.2

0.8

0.4

0.0

ε"/ε
0

25

20

15

10

5

0

-e
33 " [m

C
/m

2]

250

200

150

100

50

0

-e
33

' [
m

C
/m

2 ]

Temperature Spectra of Elastic, Piezoelectric and Dielectric 
Constants of Extended-Chain-Crystal VDF(75)/TrFE(25) Film
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Temperature Spectra of Elastic, Piezoelectric and 
Dielectric Constants of Coextruded PVDF
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Temperature Dependence of Electromechanical 
Coupling Coefficients and Piezoelectric Constants

for PVDF and VDF/TrFE
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? T-independent large k33 and e33

associated with thickness change
? T-dependent small d31 originated in e33 s31

? Large but relaxational Young’s modulus 
reflecting extended-chain stiffness and chain motion

? Quantitative understanding of basic mechanisms



Mechanisms of Piezoelectricity
in Ferroelectric Polymers
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Two-Phase Spherical Dispersion System
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Piezoelectric Mixing Law
Piezoelectric spherical inclusion 

in non-piezoelectric matrix
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PZT/PVC Composite
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Dielectric and Conductive Frequency Spectra for
BaTiO3(3µm)/PEO400 (0.1%LiClO4) Composites
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Dielectric and Conductive Processes 
in BaTiO3/Li-PEO Composites
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Piezoelectric polymers are suited for sensors and soft actuators
because of their low permittivity and high compliance.



Deformation of Piezoelectric Polymers and Related Applications
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